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Up to 66% yield.
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Pd(PPh3)2Cl2
CuI, L*, NEt3
DMF
50a 51
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N3
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I
I
Br
Br
I
I
NO2
NO2
52 53 54
55a 50a
Nitration
1. Reduction
2. Sandmeyer
Bromination Substitution
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!#$! 1! +@5;45+! 4*5026-*2(! /(&(;Q832$2!@17! $/+*1+26! -7/$>! 1! $/+*1+/$>!D/Q+-*2! 59!7-39-*/0!10/6!C&V`E!1$6!$/+*/0!10/6!CIV`E(!9/*7+!1+!*55D!+2D42*1+-*2!+5!4*56-02!+,2! 8*.*;$/+*1+26! 4*56-0+! BC(! 1$6! +,2$! 1+! %A°B(! +5! 4*56-02! "(:;6/$/+*5;'(I;6/D2+,83=2$<2$2!B>!C70,2D2!'&EF!
!
`! $/+*/0! 10/6!>/H/$>!:"`!8/236!59!+,2!627/*26!6/$/+*5!1*2$2!B>F!G1?/$>!+,2!5=72*H26!/$0*2172!/$!8/236!@/+,! /$0*21726! $/+*/0! 10/6! 05$02$+*1+/5$! /$+5! 05$7/62*1+/5$(! +,2! $/+*1+/5$!@17! 42*95*D26! @/+,! 9-D/$>! &A`! $/+*/0! 10/6! C70,2D2! RAE! *27-3+/$>! /$! 1!7/>$/9/01$+38!,/>,2*!8/236F!G@5!5+,2*!=2$29/+7!01D2!@/+,!+,2!-72!59!9-D/$>!$/+*/0!
NO2
H2SO4 95%
HNO3  65%
30oC
H2SO4 95%
HNO3  65%
    80oC
20% overall
NO2
NO2
56 53
! '"!
10/6(! +,2! 6/$/+*1+/5$! 59! 4;Q832$2! 05-36! =2! 42*95*D26! /$! 5$2! 7+24(! 1$6! +,2!4-*/9/01+/5$!@17!7/D43/9/26(!$5+!*2P-/*/$>!31*>2!753H2$+!>*16/2$+7!6-*/$>!053-D$!0,*5D1+5>*14,8! 5*! *20*87+133/<1+/5$! 4*/5*! +5! 053-D$! 0,*5D1+5>*14,8F! G@5!2P-/H132$+7! 59! +,2! $/+*1+/$>!D/Q+-*2!@2*2! -726! 1+! 'A°B(! 4*56-0/$>! +,2! 627/*26!"(:;6/$/+*5Q832$2! B>! /$! VA`! 8/236(! 1$6! 5$38! +,2! +*/H/1338! *2D5H26(! =8! 9317,!0,*5D1+5>*14,8(!D5$5$/+*5Q832$2!1$6!"(';6/$/+*5Q832$2!17!=8;4*56-0+7F!
!

!
8,90:0$?!$#$0*217/$>! +,2! 2P-/H132$+7! 59! /*5$! 1$6! *210+/5$! +/D2! 4*56-026! =2++2*! *27-3+7(!8/236/$>!5$38! +,2!D5$51D/$2!BD! 1$6! +,2!627/*26!6/1D/$2!BE! 17! +,2!D1]5*!1$6!D/$5*!4*56-0+7(!*27420+/H238!C70,2D2!R:EF!
NO2
NO2
H2SO4 95% HNO3  90%
30oC
50%
53
NO2
NO2
NH2
NH2
NO2
NH2
NO2
NO2
Fe (12 eq)
AcOH
45oC
4 hr
Major (7:4:1)
53 57 53 58
! ':!
!
8,90:0$?;$#$0*217/$>! +,2! 2P-/H132$+7! 59! /*5$! 1$6! +,2! *210+/5$! +2D42*1+-*2! 8/23626! +,2!627/*26! 6/1D/$2!BE! @/+,! $5$2! 59! +,2!D5$51D/$2!BD! 5*! -$*210+26! +,2! 6/$/+*5!05D45-$6!B>! C70,2D2!R'EF!K5@2H2*(!D1$8!4*56-0+7! 9*5D!7/62!*210+/5$7!@2*2!1375!722$F!
!
8,90:0$?>$)$5+,2*! 05DD5$! /*5$;D26/1+26! *26-0+/5$! 59! 1*83! $/+*5! 9-$0+/5$13/+8! -727!0130/-D!0,35*/62!/$!@1+2*\2+,1$53!/$!43102!59!102+/0!10/6!C70,2D2!RREF!O,/32!+,/7!787+2D! 1H5/67! +,2! +26/5-7! @5*?-4! 17750/1+26! @/+,! +,2! -72! 59! 102+/0! 10/6! 17!753H2$+(! +,2! *210+/5$! 8/23626! 5$38! +,2! D5$51D/$2! BD! 1$6! +,2! -$*210+26!6/$/+*5Q832$2!B>!17!+,2!D1]5*!1$6!D/$5*!4*56-0+7(!*27420+/H238F!
!
8,90:0$??$K5@2H2*(! /+!@17! 95-$6! +,1+! ,86*5>2$1+/5$! 5H2*! 413316/-D!5$! 0,1*0513! 8/23626!+,2!627/*26!6/1D/$2!BE!/$!P-1$+/+1+/H2!8/236!19+2*!1!7/D432!@5*?-4!C70,2D2!RVEF!
NO2
NO2
NO2
NH2
NH2
NH2
Fe (15 eq)
AcOH
45oC
5.5 hr
Major (2:1)
57 58
NO2
NO2
NH2
NH2
Fe (15 eq)
AcOH
80oC
4 hr
30%
58
NO2
NO2
NO2
NH2
Fe
CaCl2
EtOH / H2O
60oC
NO2
NO2
Major (2:1)
5357
! ''!
!
8,90:0$?B$)!T1$6D282*! *210+/5$(! /$+*56-0/$>!6//56/62! 9-$0+/5$13/+8! *2P-/*26! 95*! +,2! 5$2;45+!T5$5>17,/*1!05-43/$>!1$6!/$+*1D5320-31*!08035166/+/5$!*210+/5$(!>1H2!B?! /$!>556!8/236(!17!4*2H/5-738!42*95*D26!@/+,/$!5-*!>*5-4RA!C70,2D2!RIEF!!
!
8,90:0$?C$W2H/1+/$>!9*5D!+,2!+*16/+/5$13!-72!59!05442*!/$!+,2!*210+/5$(!4,574,5*/0!10/6!@17!-726!/$!5*62*!+5!7@/+0,!9*5D!1!*16/013!/$+2*D26/1+2!+5!1!01+/5$/0!/$+2*D26/1+2!/$!+,2!,542!59!1H5/6/$>!7/62;*210+/5$7F!G,2!*16/013!=*5D/$1+/5$!59!+,2!+@5!=2$<83/0!457/+/5$7!@/+,!@;=*5D57-00/$/D/62!@17!4*5=32D1+/0(!>/H/$>!35@!8/2367!1$6!-$95*2722$!4*56-0+7!C70,2D2!R[EF!
!
8,90:0$?D$W274/+2! 1++2D4+26! 54+/D/<1+/5$(! 71+/7910+5*8! 8/2367! 05-36! $5+! =2! 10,/2H26F!U-*+,2*D5*2(! +,2! 7/62! 4*56-0+7(!BBI$1$6!BB,(! 4*27-D1=38! 95*D26! :'(! +,2! 1*83!*16/013(! @2*2! /$7241*1=32! 9*5D! +,2! 627/*26! 4*56-0+! BB2! =8! 053-D$!0,*5D1+5>*14,8! 5$! 7/3/01! >23F! )7! +,2! *210+/5$! 4*5022626(! 1! 4/$?! 0535-*! 1*572(!/$6/01+/$>!+,2!4*272$02!59!/56/$2F!!
NO2
NO2
NH2
NH2
H2
Pd/C
MeOH, 16hr
quantative
58
NaNO2
KI
H2SO4
H3PO4
Ice, 70%
NH2
NH2
I
I
54
I
I
I
I
Br
Br
Br
I
Br
Br
NBS
AIBN or (BzO2)2
CCl4
Reflux I
Br
Br55a 55b 55c
! 'R!
G5! 1H5/6! +,2! 1*5D1+/0! 7-=7+/+-+/5$(! 1! *16/013! =2$<83/0! /56/$1+/5$! @/+,! X;/5657-00/$/D/62! +5! >/H2!BG!@17! 1++2D4+26! C70,2D2! R%EF!K5@2H2*(! $5! *210+/5$!500-**26(! 1$6! +,2! "(:;6//565;'(I;6/D2+,83=2$<2$2! B?! ! @17! *205H2*26!P-1$+/+1+/H238F!
!
8,90:0$?E$e7/$>! "K! X.J! +5! 62+2*D/$2! 1! @2/>,+26! 1H2*1>2! D531*! D177(! +,2! D/Q+-*2! 59!=2$<83! =*5D/627! BB21,! @17! *210+26! @/+,! 756/-D! 1</62! /$! W.U! +5! >/H2! +,2!627/*26!=2$<83!1</627!/$!>556!8/236!C70,2D2!R&EF!e$95*+-$1+238!/+!@17!5$02!D5*2!/D4577/=32! +5! 7241*1+2! +,2! 6/=2$<83! 1</627! B#21,! =8! 053-D$! 0,*5D1+5>*14,8F!G,2! *210+/5$! @17! @5*?26! -4! +2$+1+/H238(! 2Q+*10+/$>! /$+5! 6/2+,83! 2+,2*(! 1$6!@17,/$>!*2421+2638!@/+,!@1+2*!+5!*2D5H2!*27/6-13!W.UF!J2D5H13!59!+,2!5*>1$/0!753H2$+! @17! 65$2! @/+,5-+! ,21+/$>(! /$! 5*62*! +5! 1H5/6! 45+2$+/13! 2Q4357/H2!6205D457/+/5$!59!+,2!35@!D5320-31*!@2/>,+!1',;1</62F!
!

I
I
I
I
I
I
NIS
AIBN or (BzO2)2
CCl4
Reflux
5954
I
I
Br
Br
Br
I
Br
Br N3
N3
I
I
Br
I
N3
N3
NaN3
DMF
75oC, 16 hr
80%
I
Br
Br55a 55b 55c
I
N3
N3
50a 50b 50c
! 'V!
/56/627!@,2$!05D41*26!+5!1*83!=*5D/627!/$!T5$5>17,/*1!05-43/$>!*210+/5$!@5-36!1335@!+,2!78$+,27/7!59!$5$;78DD2+*/0!,23/02$13!+*/1<5327F!!e7/$>!+,2!05$6/+/5$7!59!B,5@6,-*8'&!1$6!05@5*?2*7!95*!+,2!1$$-31+/5$!*210+/5$!59! +,2!6/=2$<83!1</62!@/+,!,2Q;";8$2!*27-3+26! /$!1!05D432Q!D/Q+-*2!59! +*/1<5327!
C!21A(!=-+!$5$2!59!+,2!627/*26!9-726!08032!C#!C70,2D2!VAEF!
!
8,90:0$B#"$G,2!4*56-0+7!C!21A(!62+2*D/$26!=8!,/>,;*2753-+/5$!D177!7420+*570548(!7->>27+!+,2! B-))B! *210+/5$! 500-*7! @/+,! 1! 35@2*! 2$2*>8! =1**/2*! +,1$! +,2! T5$5>17,/*1!05-43/$>!C9/>-*2!VEF!!
N3
N3
I
I
Br
I
N3
N3
Hex-1-yne
(PPh3)2PdCl2
CuI
NEt3, DMF
115oC N
N N
N
N N50a 50b 60
! 'I!
!

N
N N
N
NN
nBu
nBu
I
I
N
N N
N
NN
nBu
nBu
Br
I
N
N N
N
NN
nBu
nBu
I
N
N N
N
NN
nBu
nBu
I
nBu
N
N N
N
NN
nBu
nBu
Br
nBu
N
N N
N
NN
nBu
nBu
nBu
N
N N
N
NN
nBu
nBu
nBu
nBu
61a
61b
61c 61d 61e
61f 61g
! '[!
>"#$PQ/0(-:0&'23"$
>"!$PQ/0(-:0&'23$/(),0*+(05$-&$'90$54&'90505$')O2(*5$:2,(),4,305"$
$
;R;1*-/()/1;14&43$:23)&)&-'(-30R$;C"RV!
!)!"AA;D3!*=9!@17!0,1*>26!@/+,!D135$5$/+*/32!C"F"!>(!"[!DD53E(!Z:BL'!C[FA!!>(!VA!DD53E(!4*541*>83!=*5D/62!C%A`@+!/$!+53-2$2(!RF&D3(!VA!DD53E(!1$6!102+5$2!CVA!D3EF!G,2!D/Q+-*2!@17!7+/**26!95*!"I!,*7(!19+2*!@,/0,!+,2!753H2$+!@17!*2D5H26!/$!H10-5F!G,2!*27/6-2!+1?2$!-4!/$!@1+2*!C:AA!D3E!1$6!2Q+*10+26!@/+,!BK:B3:!C'Q!:AA!D3E(! +,2! 05D=/$2! 5*>1$/0! 9*10+/5$7! @2*2! 6*/26! 5H2*! .>TLR(! 1$6! +,2! 753H2$+!*2D5H26! /$! H10-5F! ^-*/9/01+/5$! =8! 053-D$! 0,*5D1+5>*14,8! C42+*53! 2+,2*\2+,83!102+1+2(![S"E!+5!8/236!+,2!=/7;13?8$2!17!599;@,/+2!0*87+137!CAF"'!>(!VFV`EF!"K!X.J!CVAA!.K<(!BWB3'E!%! C44DE! S!'FAI!C6(!RK(! S!p!:FV!K<E(!:FR:!C+(!:K(! S!p!:FV!K<EF! "'B!X.J!!C":I!.K<(!BWB3'E!%!C44DE!S!""'F[%(![IF""(![RF::(!'IF:I(!:[FIRF!#J!C0D;"E!S!''AV! CB;K! 7+*2+0,(! 13?8$2E(! :&I[(! :&V[(! :&':! CB;K! 7+*2+0,(! 13?1$2E(! ::VV! CB;X!7+*2+0,(!$/+*/32E(!:"'A!CB;B!7+*2+0,(!13?8$2EF!!
;R;1*-/()/1;14&43$:23)&)&-'(-30R$;C"R:$$
!)!"AA;D3!*=9!@17!0,1*>26!@/+,!D135$5$/+*/32! CVF"!>(![%!DD53E!Z:BL'! C:R!>(!"[!DD53E!1$6!Gf)f!C"FA!>(!'F"!DD53E!1$6!4*541*>83!=*5D/62!C%A`@+! /$! +53-2$2(!
NN
NN
Br
K2CO3
Acetone
rt, 16hrs
5.5%
23 26
NN
NN
Br
K2CO3
TBAB
30 oC, 16hrs
10%
26
! '%!
"&!D3(!:"!DD53EF!G,2!D/Q+-*2!@17!7+/**26!1+!RA°B!95*!'A!D/$-+27(!1335@26!+5!0553!1$6!7+/**26!95*!1! 9-*+,2*!"R!,5-*7F!G,2!D/Q+-*2!@17!+,2$!7+/**26!1+!'V°B!95*!:"!,5-*7(!6/3-+26! /$!BK:B3:!1$6! 9/3+2*26! +,*5->,!1!416!59!B23/+2&F!G,2!753H2$+!@17!*2D5H26!/$!H10-5(!1$6!+,2!*27/6-2!4-*/9/26!=8!053-D$!0,*5D1+5>*14,8!CBK:B3:E!+5!8/236!+,2!4*56-0+!17!599;@,/+2!0*87+137!C"FA!>(!"A`EF!"K!X.J!CVAA!.K<(!BWB3'E!
%! C44DE! S! 'FAI! C6(! RK(! S! p! :FVK<E(! :FR:! C+(! :K(! S! p! :FV!K<EF! "'B!X.J! ! C":I!.K<(!BWB3'E!%!C44DE!S!""'F[%(![IF""(![RF::(!'IF:I(!:[FIRF!#J!C0D;"E!S!''AV!CB;K!7+*2+0,(!13?8$2E(!:&I[(!:&V[(!:&':!CB;K!7+*2+0,(!13?1$2E(!::VV!CB;X!7+*2+0,(!$/+*/32E(!:"'A!CB;B!7+*2+0,(!13?8$2EF!!
SQ26)3-&0R$ ;DR$ 54&'905-5$ H():$ ;R;1*-/()/1;14&43$ :23)&)&-'(-30R$ ;CR$ -&$
')3+0&0"$
!)! VA;D3! *=9! @17! 0,1*>26! @/+,! :(:;6/4*54;:;8$83! D135$5$/+*/32! CAFR&! >(! 'FV!DD53E(! </$0C##E! 102+1+2! CAF"'! >(! AF[:!DD53E(! 1$6! +53-2$2! C"V!D3EF! G,2!D/Q+-*2!@17!7+/**26!95*!"A!D/$-+27(!:;1D/$52+,1$53!CAF:"!D3(!'FV!DD53E!@17!16626(!1$6!+,2! D/Q+-*2! =*5->,+! +5! *293-Q! 95*! R%! ,*7F! ! G,2! D/Q+-*2! @17! 1335@26! +5! 0553(!@17,26!@/+,! =*/$2! C'Q!:A!D3E! 1$6! 71+-*1+26!X1KBL'! 753-+/5$! C:Q!:A!D3EF! G,2!753H2$+!@17!*2D5H26!/$!H10-5(!1$6!+,2!*27/6-2!1$138726!=8!"K!X.JF!!
T-5K)Q26)3-&0LR$ ;DR$ 54&'905-5$ H():$ ;R;1*-/()/1;14&43$:23)&)&-'(-30R$ ;CR$ -&$
N=F"$)! "AA;D3! *=9! @17! 0,1*>26! @/+,! :(:;6/4*54;:;8$83! D135$5$/+*/32! CAF'[! >(! :FI!DD53E(!</$0C##E!102+1+2!CAF"A!>(!AFVI!DD53E(!1$6!W.U!CVA!D3EF!G,2!D/Q+-*2!@17!7+/**26!95*!"A!D/$-+27(!1$6!:;1D/$52+,1$53!CAF"I!D3(!:FI!DD53E!@17!16626F!G,2!D/Q+-*2! 7+/**26! 1+! *293-Q! 5H2*$/>,+F! G,2! 753H2$+! @17! *2D5H26! /$! H10-5(! +,2!
NN N O
N
O
NN
O
20% Zn(OAc)2
Toluene or DMF
Reflux
24hrs
H2N OH
Not Observed
26 27 28
! '&!
*27/6-2! +1?2$! -4! /$! 2+,83! 102+1+2! C"V!D3E(! @17,26! @/+,! =*/$2! C'Q! :A!D3E! 1$6!71+-*1+26!X1KBL'!753-+/5$!C:Q!:A!D3EF!G,2!753H2$+!@17!*2D5H26! /$!H10-5(!1$6!+,2!*27/6-2!1$138726!=8!"K!X.JF!! !
;R;U1=0'9430&0I-5V;1)Q26)3-&0W$>#"RI$!
!)! VA;D3! *=9!@17! 0,1*>26!@/+,!D135$5$/+*/32! C"FA! >(! "I!DD53E(! </$0C##E! 102+1+2!CAFVI!>(!'FA!DD53E(!:;1D/$52+,1$53!CAF&R!D3(!"I!DD53E(!1$6!+53-2$2!C:V!D3EF!G,2!D/Q+-*2!@17!7+/**26!1+!*293-Q!95*!:R!,*7(!19+2*!@,/0,!/+!@17!1335@26!+5!0553(!1$6!@17,26!@/+,! =*/$2! C:Q!VA!D3E! 1$6! 71+-*1+26!X1KBL'! 753-+/5$! C:Q!VA!D3EF! G,2!753H2$+!@17! *2D5H26! /$! H10-5(! 1$6! +,2! *27/6-2! 1$138726! =8! "K!X.JF! "K!X.J!CVAA!.K<E!%!C44DE!S!RF:R!C+(!RK(!S!p!%FV!K<E(!RFAR!C7(!:KE(!'F[A!C+(!RK(!S!p!%FV!K<EF!!
;1.42&)1;U1V?1:0'9431;1)Q26)3-&0W:0'9430&0$ >!$ 2&*$ ;R;U1=0'9430&0I-5V?1
:0'9431;1)Q26)3-&0W$>;"R[!
!)!:VA;D3!*=9!@17!4-*>26!@/+,!$/+*5>2$!1$6!0,1*>26!@/+,!D135$5$/+*/32!CAF&I!>(!"R!DD53E(! </$0C##E! 102+1+2! CAFV:! >(! :F%!DD53E(! 1$6! +53-2$2! C"VA!D3E! -$62*! 1$!1+D574,2*2!59!1*>5$F!G,2!D/Q+-*2!@17!7+/**26!95*!"A!D/$-+27(!:;1D/$54*541$53!C"F"!D3(!"R!DD53E!@17!16626(!1$6!+,2!D/Q+-*2!@17!7+/**26!1+!*293-Q! 95*!:R!,*7F!G,2!D/Q+-*2!@17!@17,26!@/+,!=*/$2!C:Q!"AA!D3E!1$6!71+-*1+26!X1KBL'!753-+/5$(!1$6!6*/26!5H2*!.>TLRF!G,2!753H2$+!@17!*2D5H26!/$!H10-5(!1$6!+,2!753/6!*27/6-2!
NN O
NN
O
NH2
HO
20% Zn(OAc)2
Reflux
24 hrs
30
NN N O
N
O
NN
O
NH2
HO
20% Zn(OAc)2
Toluene, reflux
24 hrs
9.6% 3.2%
31 32
! RA!
4-*/9/26!=8!*20*87+133/<1+/5$!9*5D!,5+!2+,1$53!+5!8/236!1!D/Q+-*2!59!+,2!D5$5;!1$6!=/7;5Q1<53/$27F!"K!X.J!CVAA!.K<E!%!C44DE!S!RF'%!C+(!"K(!S!p![F%!K<E(!RF"I!CD(!"K(!S!p!%FV!K<E(!'F%"!C+(!"K(!S!p![F%!K<E(!'F'I!C7(!:KE(!'F"&!C6(!'K(!S!p!%FV!K<EF!
=0'943$/()/2&)2'0$-:-*2'0$:0'943$05'0($94*(),93)(-*0R$>?"R%!
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%()&1:0*-2'0*$ (0*+,'-)&$ )H$ !R;1*-&-'()1>RC1*-:0'943I0&60&0R$ B>R$ -&$ 2,0'-,$
2,-*"V'$
!!"(:;W/$/+*5;'(I;6/D2+,83=2$<2$2!CAFV'!>(!:F[!DD53E!1$6! /*5$!45@62*!C"F%!>(!':!DD53E!@2*2!7+/**26!/$!>310/13!102+/0!10/6!CVVD3E!1+!RVLB!95*!R!,5-*7F!!G,2!D/Q+-*2!@17! 45-*26! /$+5! 0536! 1P-25-7! V`!X1LK! 753-+/5$! C"AAD3E! 1$6! 2Q+*10+26!@/+,!g+:L! CRQ! VA! D3FE! G,2! 05D=/$26! 5*>1$/0! @2*2! @17,26! @/+,! V`! X1KBL'! CR! Q!"AAD3E! 6*/26! 5H2*! .>TLRF! T53H2$+! *2D5H26! /$! H10-5! +5! 8/236! 1! D/Q+-*2! 59!4*56-0+7!17!1!*26!753/6F!
NO2
NO2
H2SO4 95% HNO3  90%
30oC
50%
53
NO2
NO2
NH2
NH2
NO2
NH2
NO2
NO2
Fe (12 eq)
AcOH
45oC
4 hr
Major (7:4:1)
53 57 53 58
! R%!
!
!"(:;W/$/+*5;'(I;6/D2+,83=2$<2$2!CAFR%!>(!:FV!DD53E!1$6! /*5$!45@62*!C:F"!>(!'[!DD53E! @2*2! 7+/**26! /$! >310/13! 102+/0! 10/6! CVA! D3E! 1+! RVLB! 95*! VFV! ,5-*7F! ! G,2!D/Q+-*2!@17!45-*26!/$+5!0536!1P-25-7!V`!X1LK!753-+/5$!C"AA!D3FE!gQ+*10+/5$!=8!g+:L!CRQ!VA!D3FE!G,2!05D=/$26!5*>1$/0!@2*2!@17,26!@/+,!V`!X1KBL'!CRQ!"AA!D3E!6*/26!5H2*!.>TLRF!T53H2$+!*2D5H26!/$!H10-5!+5!8/236!1!D/Q+-*2!59!4*56-0+7!17!1!*26;82335@!5/3!CAF'R!>EF!
!"(:;W/$/+*5;'(I;6/D2+,83=2$<2$2!CAF'R!>(!:FA!DD53E!1$6! /*5$!45@62*!C"F[!>(!'A!DD53E! @2*2! 7+/**26! /$! >310/13! 102+/0! 10/6! CRA! D3E! 1+! %ALB! 95*! R! ,5-*7F! ! G,2!D/Q+-*2!@17!45-*26!/$+5!0536!1P-25-7!V`!X1LK!753-+/5$!C"AA!D3FE!gQ+*10+/5$!=8!g+:L!CRQ!VA!D3FE!G,2!05D=/$26!5*>1$/0!@2*2!@17,26!@/+,!V`!X1KBL'!CRQ!"AA!D3E! 6*/26! 5H2*!.>TLRF! T53H2$+! *2D5H26! /$! H10-5! +5! 8/236! +,2! 6/1D/$2$ BE! 1$6!-$/62$+/9/26!/D4-*/+/27!17!1!*26!753/6!CAF""!>EF!X5!7+1*+/$>!D1+2*/13!B>!5*!4*56-0+!9*5D!+,2!D5$5;*26-0+/5$!BD!@2*2!5=72*H26F!!!
$
%()&Y,23,-+:$ ,93)(-*0$ :0*-2'0*$ (0*+,'-)&$ )H$ !R;1*-&-'()1>RC1
*-:0'943I0&60&0"V'$
NO2
NO2
NO2
NH2
NH2
NH2
Fe (15 eq)
AcOH
45oC
5.5 hr
Major (2:1)
57 58
NO2
NO2
NH2
NH2
Fe (15 eq)
AcOH
80oC
4 hr
30%
58
! R&!
!!"(:;W/$/+*5;'(I;6/D2+,83=2$<2$2! CAF':! >(! "FI! DD53E(! B1B3:! CAF'[! >(! 'F'! DD53E(!/*5$!45@62*!CAFV&!>(!""!DD53E!1$6!@1+2*!CAF:!D3E!@2*2!7+/**26!/$!2+,1$53!C:!D3E!1+!IALB!5H2*$/>,+F!G,2!D/Q+-*2!@17!@17,26!+,*5->,!B23/+2!1$6!@/+,!g+L)0!C'A!D3E(!1$6!@17,26!@/+,!@1+2*!C'Q!"A!D3EF!T53H2$+!@17!*2D5H26!/$!H10-5!+5!8/236!1!D/Q+-*2! 59! 7+1*+/$>!D1+2*/13!B>! 1$6! +,2! 4*56-0+! 9*5D!D5$5;*26-0+/5$!BD! 17! 1!*26!5/3!CAF"[R"!>FE!!
Z2332*-+:$,2'23450*$94*()A0&2'-)&$)H$!R;1*-&-'()1>RC1*-:0'943I0&60&0$B>$
')$!R;1*-2:-&)1>RC1*-:0'943I0&60&0$BE"V'$
!"(:;W/$/+*5;'(I;6/D2+,83=2$<2$2! CAFR&! >(! :FV! DD53E! 1$6! ^6\B! V`@+! CAFAR%! >(!"A`!59!7-=7+*1+2!@2/>,+E!@2*2!7+/**26!/$!D2+,1$53!CRV!D3E!-$62*!1$!1+D574,2*2!59!,86*5>2$!5H2*$/>,+F!G,2!D/Q+-*2!@17! 9/3+2*26!+,*5->,!B23/+2!1$6!+,2!753H2$+!*2D5H26!/$!H10-5!+5!8/236!AF'I>!C"AA`E!59!+,2!6/1D/$2!17!1!=*5@$!753/6F!"K!X.J!CVAA!.K<(!BWB3'E!%!C44DE!S!IFV%!C7(!:KE(!:F"&!C7(!IKEF!!
!R;1*--)*)1>RC1*-:0'943I0&60&0$B?"V'$
NO2
NO2
NO2
NH2
Fe
CaCl2
EtOH / H2O
60oC
NO2
NO2
Major (2:1)
5357
NO2
NO2
NH2
NH2
H2
Pd/C
MeOH, 16hr
quantative
58
! VA!
!!"(:;W/1D/$5;'(I;6/D2+,83=2$<2$2! C"F%! >(! "'!DD53E! /$! 7-34,-*/0! 10/6! &V`! C''!D3E!@17!735@38!16626!+5!756/-D!$/+*/+2!C:F[!>(!'&!DD53E!/$!7-34,-*/0!10/6!&V`!C:[!D3E(!2$7-*/$>!+,2!+2D42*1+-*2!6/6!$5+!2Q0226!VLBF!^,574,5*/0!10/6!%V`!C:[!D3E! @17! 735@38! 16626(! 2$7-*/$>! +,2! +2D42*1+-*2! 6/6! $5+! 2Q0226! "ALBF! G,2!D/Q+-*2!@17!45-*26!5$+5!1!7+/**26!D/Q+-*2!59!0*-7,26!/02!C01F!:[A!>E!1$6!Z#!C""!>(! I[!DD53E! 1$6! 7+/**26! 5H2*$/>,+F! G,2!D/Q+-*2!@17! 2Q+*10+26!@/+,! WB.! C'! Q!:AAD3E!1$6!+,2!05D=/$2!5*>1$/0!@17,26!@/+,!71+-*1+26!756/-D!+,/57-34,1+2!C"Q!:AA!D3E!1$6!@1+2*!C:Q!:AA!D3EF!G,2!753-+/5$!@17!6*/26!5H2*!D1>$27/-D!7-34,1+2!1$6! +,2! 753H2$+! *2D5H26! /$! H10-5! +5! 8/236! :F&! >! CI:`E! 59! +,2! "(:;6//565;'(I;6/D2+,83=2<2$2!B?!17!1!82335@!5/3F!"K!X.J!CVAA!.K<(!BWB3'E!%!C44DE!S![F""!C7(!:KE(!:FVI!C7(!IKEF!"'B!X.J!!C":I!.K<(!BWB3'E!%!C44DE!S!":%F%(!""IF:(!':F[F!!
!R;1*-:0'9431>RC1*-K:0'943I():)LI0&60&0R$BB2"V'!
!"(:;6//565;'(I;6/D2+,83=2<2$2! CAFIA! >(! "F[DD53E(! XfT! CAFIA>(! 'FRDD53E(! 1$6!)#fX!CAFAR%>(!AF:&DD53E!@2*2!*293-Q26!/$!BB3R!-$62*!1$!1+D574,2*2!59!$/+*5>2$!95*! R! ,5-*7F! G,2! D/Q+-*2! @17! 329+! +5! 7+1$6! 5H2*$/>,+(! 95335@26! =8! 05$+/$-26!*293-Q/$>F! G,2! D/Q+-*2! @17! 5$02! D5*2! 329+! +5! 7+1$6! 5H2*$/>,+! =295*2! =2/$>!*293-Q26! 95*! I! ,5-*7F! G,2!D/Q+-*2!@17! 6/3-+26! /$! 42$+1$2\g+L)0! C"AA!D3(! &S"E!1$6! 9/3+2*26! +,*5->,! 1! 416! 59! 7/3/01F! ^-*/9/01+/5$! =8! 053-D$! 0,*5D1+5>*14,8!8/23626!+,2!627/*26!4*56-0+!/$!:`!8/236F!!BB2$"K!X.J!CVAA!.K<(!BWB3'E!%!C44DE!S!
NaNO2
KI
H2SO4
H3PO4
Ice, 70%
NH2
NH2
I
I
54
I
I
I
I
Br
Br
Br
I
Br
Br
NBS
AIBN or (BzO2)2
CCl4
Reflux I
Br
Br55a 55b 55c
! V"!
[FR[!C7(!:KE(!RF[V!C7(!RKEF!BBI!"K!X.J!CVAA!.K<(!BWB3'E!%!C44DE!S![FR'!C7(!:KE(!RF[A!C7(!:KE(!RFI%!C7(!:KEF!BB,!"K!X.J!CVAA!.K<(!BWB3'E!%!C44DE!S![FVA!C7(!"KE(![F'[!C6(!"K(!S!p!"F[!K<E(![F'V!C6(!"K(!S!p!"F[!K<E(!RFIR!C7(!:KE(!RFV[!C7(!:KEF!!
!)!D/Q+-*2!59!6//565Q832$27!CAFV"!>(!"F'!DD53!;!@2/>,+26!1H2*1>2E!*205H2*26!9*5D!+,2! 4*2H/5-7! =*5D/$1+/5$(!XfT! CAF'%! >(! :F"!DD53E(! )#fX! CAFA'V! >(! AF:'!DD53E!@2*2!*293-Q26!/$!BB3R!-$62*!1$!1+D574,2*2!59!$/+*5>2$!95*!"%!,5-*7F!^-*/9/01+/5$!=8!0535-D$!0,*5D1+5>*14,8!C08035,2Q1$2E!8/23626!AF":!>!C"%`E!59!+,2!627/*26!4*56-0+!17!1!@,/+2!753/6F!!
!"(:;6//565;'(I;6/D2+,83=2<2$2! CAFRV!>(!"F'!DD53E(!XfT! CAFVA!>(!:F%!DD53E(! 1$6!Cf<L:E:! CAFAIR! >(! AF:I! DD53E! @2*2! *293-Q26! /$! BB3R! -$62*! 1$! 1+D574,2*2! 59!$/+*5>2$!95*!1!+5+13!59!'I!,5-*7F!)9+2*!":!,5-*7!Cf<L:E:!CAFAV[!>(!AF:R!DD53E!@17!16626F!)9+2*!:"!,5-*7!XfT!CAF"&!>(!"F"!DD53E(!1$6!Cf<L:E:!CAFA:A!>(!AF":!DD53E!!@2*2!16626F!^-*/9/01+/5$!=8!053-D$!0,*5D1+5>*14,8! C08035,2Q1$2E!8/23626! +,2!627/*26!4*56-0+!/$!%`!8/236F!
!
! V:!
"(:;6//565;'(I;6/D2+,83=2<2$2!!CAFRV!>(!"F:!DD53E!@17!*293-Q26!/$!BB3R!@/+,!XfT!C"F"!>(!IF'RRA!DD53E!1$6!Cf<L:E:!CAF"%!>(!AF[R!DD53E!16626!/$!45*+/5$7!C+1=32!"E!5H2*! RA! ,5-*7F! ^-*/9/01+/5$! =8! 053-D$! 0,*5D1+5>*14,8! 8/23626! +,2! 627/*26!4*56-0+! 1$6! 1$! 1$135>5-7! 4*56-0+! /$!@,/0,! 1$! /56/62! ,16! =22$! *2431026! =8! 1!=*5D/62!17!1!@,/+2!753/6!CAF"'!>(!:A`E!!G/D2!\!,*! XfT!D177!\!>! #$/+/1+5*!D177!\!>!A! AF"[[V! AFA:R&!"! AF"[[&! AFA:':!:! AF"&[:! AFAV'"!"[! AF:A['! AFA:V'!:"! AF"%["! AFA::I!:I! AF"%:"! AFA'A%!
[2I30$!"$!
! V'!
!"(:;6//565;'(I;6/D2+,83=2<2$2!C:FV!>(![F"!DD53E(!XfT!C'F:!>(!"%!DD53E(!1$6!)#fX!CAF:'!>(!"FR!DD53E!@2*2!*293-Q26!/$!BB3R!-$62*!1$!1+D574,2*2!59!$/+*5>2$!95*!"I!,5-*7F! U/3+*1+/5$! +,*5->,!1!416!59! 7/3/01! C^2$+1$02\g+L)0(! &S"E! 8/23626! 7+1*+/$>!D1+2*/13! 1$6! +,2! 4*56-0+! 59! D5$5=*5D/$1+/5$F! G,/7! @17! 9-*+,2*! =*5D/$1+26!@/+,5-+!9-*+,2*!4-*/9/01+/5$!@/+,!XfT!C'FA!>(!"[!DD53E!1$6!Cf<L:E:!CAF':!>(!"F'!DD53E!/$!BB3R!95*!"I!,5-*7F!^-*/9/01+/5$!=8!053-D$!0,*5D1+5>*14,8!8/23626!+,2!627/*26!4*56-0+!1$6!1$!1$135>5-7!4*56-0+!/$!@,/0,!1$!/56/62!,16!=22$!*2431026!=8!1!=*5D/62!17!1!@,/+2!753/6!CAFR"!>(!":`FE!!!
!R;1*--)*)1>RC1*-K:0'94326-*0LI0&60&0R$B#2$
!!)!D/Q+-*2!59!6/=2<83!=*5D/627!BB21,!CAF'"!>(!AFI:!DD53!@2/>,+26!1H2*1>2E!1$6!756/-D! 1</62! CAFA%&! >(! "F'V'! DD53E! @2*2! 7+/**26! /$! 6*8! W.U! CR! D3E! -$62*!$/+*5>2$!5H2*$/>,+F!G,2!D/Q+-*2!@17!6/3-+26!@/+,!@1+2*! C"A!D3E! 1$6!2Q+*10+26!@/+,! 6/2+,832+,2*! C'Q! "A!D3EF! G,2! 05D=/$26! 5*>1$/0! 3182*7!@2*2!@17,26!@/+,!@1+2*! C'Q! "A!D3E(! 6*/26! 5H2*!D1>$27/-D! 7-34,1+2! 1$6! +,2! 753H2$+! *2D5H26! /$!H10-5!+5!8/236!AF:'!>!C%A`E!59!+,2!627/*26!1</627!B#21,(!@,/0,!@2*2!-726!/$!+,2!$2Q+!7+24!@/+,5-+!9-*+,2*!4-*/9/01+/5$F!GYB!7,5@7!+,2!*210+/5$!,17!>5$2!+5!05D432+/5$!19+2*!'!,5-*7F!!
I
I
Br
Br
Br
I
Br
Br N3
N3
I
I
Br
I
N3
N3
NaN3
DMF
75oC, 16 hr
80%
I
Br
Br55a 55b 55c
I
N3
N3
50a 50b 50c
! VR!
J03-,23$ H+50*1/0&'2,4,30$ C#$ 54&'905-5$ I4$ )&01/)'$
8)&)A259-(2Y,4,3)2**-'-)&$$
!!)!D/Q+-*2!59!=2$<83!1</627!B#21,! CAF::!>(!AFV"!DD53E(! C^^,'E:^6B3:! CAFA:V!>(![!D53`E(! B-#! CAFA"R! >(! "R! D53`E(! 1$6! +*/2+,831D/$2! CAF%I! D3(! IF:! DD53E! @2*2!7+/**26! /$!W.U!C'!D3E!-$62*!$/+*5>2$! 95*!"!,5-*F!K2Q;";8$2!CAF""!>(!"F'!DD53E!@17! 16626! 1$6! +,2! D/Q+-*2! @17! 7+/**26! 95*! "[! ,5-*7F! G,2! D/Q+-*2! @17! +,2$!7+/**26!1+!""ALB!95*!""!,5-*7F!!G,2!D/Q+-*2!@17!6/3-+26!@/+,!@1+2*!C"A!D3E!1$6!2Q+*10+26!@/+,! g+L)0! C'! Q! "A!D3EF! G,2! 05D=/$26! 5*>1$/0! 3182*7! @2*2! @17,26!@/+,!@1+2*!C'!Q!"A!D3E(!6*/26!5H2*!D1>$27/-D!7-34,1+2!1$6!+,2!753H2$+!*2D5H26!/$!H10-5!+5!8/236!=*5@$!5/3F!)++2D4+26!4-*/9/01+/5$!=8!053-D$!0,*5D1+5>*14,8!C^2$+1$2\g+L)0(!"S"E!8/23626!9/H2!6/7+/$0+!9*10+/5$7(!210,!05$+1/$/$>!1!D/Q+-*2!59!4*56-0+7!C722!9/>-*2!VEF!C!2S$D\<! CgTrE! IAVF:IRV! a! B:AK:I#:XI! j.;Kkr! ! *2P-/*27! IAVF:[[VF! C!IS! D\<! CgTrE!VV[F:I"I!a!B:AK:If*#XI! j.;Kkr! ! *2P-/*27!VV[FAV:VF!C!,S!D\<!CgTrE!R[&F"[R'!a!B:AK:[#XI! j.;Kkr! ! *2P-/*27!R[&F'%"AF!C!*S!D\<! CgTrE!V"'F'&[R!a!B':KRRXI! j.;Kkr! ! *2P-/*27! V"'F'[AIF!C!0S! D\<! CgTrE! R''FRV%&! a! B:IK'VXI! j.;Kkr! ! *2P-/*27!R''F'A%AF!C!HS!D\<!CgTrE!VV&F:R'I!a!B:AK:I#:XI!j.;Kkr!*2P-/*27!VV&F:ARIF!C!AS!D\<!CgTrE!V""F"AA:!B:IK'Vf*XI!j.;Kkr!!*2P-/*27!V""F:"A[F!
I
I
Br
Br
Br
I
Br
Br
Hex-1-yne
(PPh3)2PdCl2
CuI
NEt3, DMF
115oC N
N N
N
N N
I
Br
Br55a 55b 55c 60
! VV!
MPFPMPX.P8!"F! ./0,123(!)F(!S4$W&(A%4$5"#84(!"%&'(!&RF!:F! K-/7>2$(!JF(!W&*34$5"#84$N*34(!"&I"(!'V[F!'F! J57+5H+72H(!iF!iF(!b*22$(!YF!bF(!U5?/$(!iF!iF(!T,1*43277(!ZF!fF(!7.=#B4$5"#84$$Q.%4$
X04(!:AA:(!KE(!:V&IF!RF! G5*$s2(!BF!OF(!B,*/72$72$(!BF(!.23613(!.F(!S4$Y&=4$5"#84(!:AA:(!FU(!'AV[F!VF! T,1*43277(!ZF!fF(!U/$$(!.F!bF(!Z53=(!KF!BF(!7.=#B4$5"#84$Q.%4$X04(!:AA"(!KZ(!:AARF!IF! K/D5(!UF(!Y5H233(!GF(!K/3>*19(!JF(!J57+5H7+2H(!iF!iF(!X55632D1$(!YF(!T,1*43277(!ZF!fF(!U5?/$(!iF!iF(!S4$784$5"#84$N*34(!:AAV(!EGU(!:"AF![F! f-0?328(!fF!JF(!W1$$(!TF!gF(!K21$28(!KF(!5"#84$X6&4$SF(!:A"A(!EF(!I:[%F!%F! f5>61$(!)F!JF(!h1D27(!ZF(!5"#84$X6&4$S4(!:A"A(!EF(!"RVAIF!&F! K2/$(!hF!gF(!U5?/$(!iF!iF(!5"#84$N*34$9#:4(!:A"A(!JV(!"'A:F!"AF! B,1$(!GF!JF(!K/3>*19(!JF(!T,1*43277(!ZF!fF(!U5?/$(!iF!iF(!Y&=4$[#%%4(!:AAR(!F(!:%V'F!""F! t<u-=-?u-(!TF(!L<?13(!gF(!h/D2$5(!BF(!^2*/0_7(!)F(!Y&=4$[#%%4(!:AA&(!EE(!RI%AF!":F! K5$>(!iF(!^*27537?/(!TF!#F(!.1(!BF(!U/$$(!.F!bF(!7.=#B4$5"#84$Q.%4$X04(!:AA&(!K\(!&%[&F!"'F! ^v*2<;f1362*17(! UF(! L*+2>1;.-w5<(! .F(! .5*1327;T1$9*-+57(! hF(! K2*$c$62<;.1+25(! UF(! B13H5;U35*27(! UF! bF(! B13H5;)7/$(! hF! )F(! #710;b1*0n1(! hF(! T1$+585;b5$<c32<(!UF(!Y&=$[#%%4(!:AA'(!L(!"&V"F!"RF! .2$>(!hF(!U5?/$(!iF!iF(!U/$$(!.F!bF(!!#%&("#0&*.$[#%%F(!:AAV(!KF(!RVR'F!"VF! d,5-(!UF(!G1$(!BF(!G1$>(!hF(!d,1$>(!hF(!d,1$>(!xF;xF(!b15(!OF;.F(!O-(!KF;KF(!x-(!xF;KF(!d,5-(!hF(!S4$784$5"#84$N*34(!:A"'(!"'V(!"A&&RF!"IF! f-3D1$!^1>2(!^F(!T+24,2$75$(!bF!JF(!N-.+#%%(!:A"'(!GK(!:[:'F!"[F! f56/$2(!ZF!WF(!b/$(!WF!xF(!b/$(!.F!TF(!S4$784$5"#84$N*3F(!:AAR(!EGF(!"I'%F!"%F! ^-$$1(!TF(!Z-<23?1(!hF(!O1$>(!oF(!U/$$(!.F!bF(!7.=#B4$5"#84$Q.%4$X04(!:AAV(!KK(!::"VF!"&F! H1$!.11*72H22$(!hF!KF(!K5*$2(!OF!TF(!b,16/*/(!.F(!JF(!Y&=4$[#%%4(!:AAV(!U(!RVA'F!:AF! K*16/35Hc(!YF(!b*243(!.F(!K31Hc0 ! F!hF(!Y80! ?1(!)F(!K*16/3(!^F(!N-.%"#,',(!:A":(!RR(!"'&%F!:"F! Y/-(!xF(!d,1$>(!!qF(!Z3/H1$7?8(!YF!.F(!Z57,?1?1*81$(!bF(!5"#84$5*886.4I$:AA[(!R[['!!
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